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(54) Title: 

MANUFACTURING METHOD FOR DISPLAY ELEMENT 

Claim: 

1 . A manufacturing method for a display element , in which 
two electrode plates are superposed with the electrode surfaces 
opposite to each other through a sealant and the sealant is 
handened to manufacturer a display element, characterized in 
that the process of hardening the sealant is performed under, 
reduced pressure. 

Detailed Description of the Invention: 

This invention relates to a manufacturing method for a 
display element . 

As a display element, cited are a liquid crystal display 
element, an electrochromic display device, an electrophoretic 
display element and the like , in which electrode plates obtained 
by forming an electrode on a base plate of glass, plastic or 
the like are disposed with the electrode surfaces confronting 
with each other, the electrode plates are superposed through 
a sealant and sealed, and electrooptic liquid such as liquid 
crystal is sealed in the interior. 
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Among the above, the liquid crystal display element is 
the most often used display element, and as showrl in Fig. 1, 
for example, it is formed by two electrode plates 1, 2 having 
transparent electrodes 4A , 4B and a sealant 3 , and liquid crystal 
5 is sealed in the interior. 

In the case of the liquid crystal display element of this 
type, the respective electrode plates 1 , 2 are previously formed, 
and a sealant is applied to at least one electrode plate, and 
pressurized to harden the sealant. 

Figs. 2 and 3 are schematic diagrams showing the section 
of a device for pressure sealing. In Fig. 2, the reference 
numeral 6 is a table for press -bonding, 7A and 7B are cushioning 
materials for uniformly applying force, 8 is an air cylinder 
or the like for applying force , 9A and 9B are heaters for heating , 
and 10 is a mold for transmitting the force of the air cylinder 
to a cell 11. 

Fig. 3 shows a device of such a type that the cell is 
pressurized with a film 12. The reference numeral 12 is the 
film for transmitting pressure to the cell 11, which is adapted 
to inject compressed gas into a gap up to a mold 13 to thereby 
apply pressure to the cell, and connected to a compressed gas 
source not shown, which is provided at the upper part in the 
drawing, through a pipe. 

In this case, a lower table 6 is the same as that in Fig. 
2, it has a heater 9B for heating, and the top face thereof 
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is provided with a cushioning material 7B. Although not being 
shown in the drawing, it may be provided with a mechanism for 
regulating the vertical position of the upper mold 13. 

In the case of the cell of a liquid crystal display element 
put in the thus constructed device , electrode plates provided 
with a pair of transparent electrodes, at least one of which 
is provided with a sealant applied thereto by screen printing ( 
or the like, are disposed with the electrode surfaces opposite 
to each other. 

The example of Fig. 2 or Fig. 3 is a device used in the 
case of using a thermosetting sealant, in which the cell 11 
is disposed on the cushioning material 7B on the lower mold 
6, the upper mold 10 is pushed down to pressurize by the air 
cylinder 8 , or the film 12 is pushed down to pressurize by pressure 
gas, and the sealant is hardened by heating using the heaters 
9A, 9B. 

The cold setting sealant is only pressurized at ordinary 
temperature without heating, and the ultraviolet setting 
sealant is pressurized and irradiated with ultraviolet rays 
to harden the sealant. 

When sealing is performed with the conventional device 
for hardening the sealant , in the case where water a gas or 
the like discharged from the sealant is absorbed to the surface 
of the electrode plate of the cell in which liquid crystal is 
to be injected, and then liquid crystal is injected and sealed 
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to form a liquid crystal display element, bad influence is 
exerted on the liquid crystal, so that there is a tendency to 
lower the life. 

The invention has been made in order to prevent the above 
disadvantages, and in a manufacturing method for a display 
element, in which two electrode plates are superposed with the 
electrode surfaces opposite to each other through a sealant/ 
and the sealant is hardened to manufacture a display element, 
the manufacturing method for the display element is 
characterized in that the process of hardening the sealant is 
performed under reduced pressure. 

According to the manufacturing method of the invention, 
the hardening process for the sealant is performed under reduced 
pressure, whereby gas generated with hardening of the sealant 
is quickly discharged outside of a cell , so that it hardly adheres 
to the electrode plates to lengthen the life of the display 
element . 

The manufacturing method of the invention will now be 
described according to a preferred device with reference to 
the attached drawing. 

Fig. 4 is a sectional view of a preferred device for 
hardening a sealant used in the invention. 

As a cell 14 of a display element disposed in the device, 
cited are a cell of an electrochromic display element, a cell 
of an electrophoretic display element and the like, including 
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the cell of the above liquid crystal display element, having 
liquid display material such as liquid crystal or viologen 
solution, or display auxiliary material such as propylene 
carbonate solution obtained by dissolving lithium perchlorate 
for coloring and de-coloring a W0 3 layer between two electrode 
plates. The following description deals with an example of 
the cell of the liquid crystal display element. 

Two electrode plates of the cell of the liquid crystal 
display element are usually transparent substrates made of glass , 
plastics or the like on which a transparent electrode is formed. 
Sometimes one electrode plate is an opaque substrate as a 
reflection electrode a semiconductor substrate, three or more 
substrates are provided to form a multi- layer cell, or the 
electrode is sometimes a two-layer electrode. This example, 
however, shows a transparent substrate, one surface of which 
is provided with the most simple single-layer transparent 
electrode. 

The electrode plates are sealed with the electrode 
surfaces opposite to each other, and hot setting type, cold 
setting type, or ultraviolet setting type sealant is applied 
to at least one of the electrode plates by screen printing or 
the like. Of course, a spacer made of glass fiber, aluminum 
particles or the like for regulating a cell gap can be disposed 
in the sealant or between the electrode plates, and the sealant 
may be applied dot -like or linearly not only to the periphery 
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of the cell but in the display surface. 

Especially, in the invention, in the case of forming an 
area not filled with liquid crystal by an in-plane seal in the 
display surface of the cell, it is useful. In the large cell 
for the car or the like, there is a large part not used for 
display even within the display surface, and in order to keep 
the cell gap constant and reduce the quantity of filling liquid 
crystal, it is considered that a closed space where no liquid 
crystal enters is formed in the display surf ace by the sealant. 
The formation of such a closed space will cause the problem 
that in sealing under normal pressure, after the sealant is 
brought into contact with two electrode plates by pressurization , 
the confined air can ' t be released , so the sealant is not crushed 
only at that part to expand the cell gap, resulting in the 
disadvantage of irregular color or the like. 

The sealant is increased in the print height two or more 
times as large as the cell gap after sealing, crushed by 
pressurization to be reduced to the height regulated by the 
spacer normally mixed in the sealant and made of glass fiber, 
aluminum particles or the like and be expanded in the cross 
direction, thereby closely sticking two electrode plates to 
each other . In the case where the sealant is not enough crushed , 
the cell is swollen in that part . 

Further, in the liquid crystal cell, the cell gap is 
generally controlled to about ± 1 \i, and uneven cell gap will 
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increase indistinctiveness such as irregular color. 

Even in the cell having such a closed space formed by 
the sealant within the display surface, sealing is performed 
under reduced pressure according to the method of the invention , 
whereby the sealant can be easily crushed so as to keep the 
cell gap uniform. 

The cell having such a closed space can be used not only 
for a large cell like the instrument panel for the car as described 
above, but for a small cell like a digital watch with hands 
by previously forming an in-plane seal in a part to form a hand 
hole and forming the hand hole after sealing. 

Further, if necessary, publicly known orientation process 
is performed on the inner surface of the electrode plate, such 
as overcoat formation of Si0 2 , A1 2 0 3 , polyimide or the like, 
oblique deposition with Si0 2 . A1 2 0 3 , polyimide or the like, 
rubbing and the like. 

The thus constructed liquid crystal cell 14 is placed 
through a cushioning material 17 on a mold 16 in which a heater 
15 for heating is embedded. A partition wall film 18 having 
flexibility and extensibility and an upper mold 19 are disposed 
on the mold 10. A heat resisting silicon rubber sheet, a glass 
fiber contained rubber sheet and the like are used for the 
partition wall film, and the film may be joined to the mold 
19 or separated from it. 

The mold 16 is connected to an evacuation pump 17, and 
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a valve 20 and a valve 21 for releasing pressure reduction are 
provided in the midway, and also in the mold 19, a valve 22 
and a valve 23 for releasing pressure reduction are provided 
in the midway to the evacuation pump. 

That is, on the lower mold 16, the liquid crystal '14 is 
disposed , the flexible partition wall film 18 is disposed thereon , 
and further the upper mold 19 is disposed to thereby reduce 
the pressure of both a lower space 24 formed by the lower mold 
and the partition wall film and an upper space 25 formed by 
the upper mold and the partition wall film. The upper mold 
presses the partition wall film to the upper surfaces of the 
side walls of the lower mold. 

The operation will now be described. 

After the liquid crystal cell is placed and the partition 
wall film 18 and the mold 19 are disposed, the valve 21 is closed 
and the valve 20 is opened to evacuate the inside of the lower 
space 24 by the evacuation pump 17 and maintain the space under 
reduced pressure ranging from - 0.2 to -1 kg/cm 2 . Thus, the 
gas such as oxygen and moisture stuck on the electrode surface 
of the liquid crystal cell is also discharged. Subsequently, 
the cell is heated to 100 to 200 *C by the heater 15 or irradiated 
with ultraviolet rays from an ultraviolet radiation source to 
harden the sealant. Also in hardening the sealant, sometimes 
gas is generated from the sealant,, the gas is also discharged 
outside of the cell without sticking on the electrode surface 
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because it is under reduced pressure. 

At this time, pressurized gas can be introduced into the 
upper space 25, if need be, to increase the applied pressure. 

Further, it will be sufficient to use only the partition 
wall film 18 and the lower mold 16 without the upper mold 19. 

It often takes a long time to heat, so it is preferably 
to preheat the mold before the liquid crystal cell is placed. 

After the seal is hardened, the valve 20 is closed and 
the valve 21 is opened to introduce dry air and N 2 and the like , 
and the pressure reduction in the lower space 24 is released 
to restore to the atmospheric pressure. 

The valve 20 may be closed when the space 24 is under 
fixed reduced pressure to stop the evacuation pump, or the 
pressure reduction may be continued or intermittently 
performed. 

In the case of using the device in Fig. 4, the valves 
20, 22 are opened, and the valves 21, 25 are closed to reduce 
the pressure. After both of the upper and lower spaces 24,2 
5 are put in the state of reduced pressure, the valve 22 is 
closed and the valve 25 is a little opened to vary the degree 
of pressure reduction in the upper space, whereby the applied 
pressure of the liquid crystal can be adjusted to a desired 
value. 

This type of the device usijng the partition wall film 
18 and the mold 16 as shown in Fig. 4 is used, whereby it is 
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not necessary to change the mold 10 according to the shape and 
size of the cell unlike the device shown in Fig . 2, also a mechanism 
for generating a large pressurizing force in a large cell and 
a mechanism for receiving and bearing it are not needed, only 
the evacuation pump will suffice, and also it is easy to unif brmly 
apply pressure. 

As compared with the device shown in Fig. 3, pressurized 
gas is not used so that the mechanism may be simple. 

After the liquid crystal is thus formed, dichroic dye, 
optical activity material and the like are added to liquid 
crystal material such as nematic liquid crystal or cholesteric 
liquid crystal if need be, and injected, and the injection hole, 
is sealed. 

Subsequently, a polarizing plate, a color polarizing 
plate, a reflector, a color filter, a 1/4 wavelength plate, 
a light guide plate and the like are stacked if need be, and 
non-glare process , printing of characters, numerals and figures 
and the like are perf ormed to form a liquid crystal display 
element . 

[Embodiment ] 

Transparent electrodes are formed on glass substrates, 
the surfaces thereof are subjected to rubbing, thermosetting 
epoxy resin is printed on one substrate by screen printing, 
the substrates are put together with the electrode surfaces 
opposite to each other , and placed through a cushioning material 
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26 on a lower mold 16, the temperature of which is raised to 
150 *C by the device shown in Fig . 4 . 

Subsequently, a silicone rubber sheet 1mm thick is placed 
thereon as a partition wall film, and closely stuck on the upper 
surfaces of the side walls of a mold 16 by a pressing frame 
corresponding to the mold 19, a valve 21 is closed, and a valve 
20 is opened to evacuate the interior of a space 24 to - 0.6 
kg/cm 2 and maintain the same for ten minutes. Subsequently, 
the valve 20 is closed, the valve 21 is opened to introduce 
N 2 and restore to the atmospheric pressure, and the partition 
wall film and the pressing frame are removed to take out the 
liquid crystal cell. 

The expansion of the sealant in this liquid crystal cell 
is very uniform so that the cell gap can be kept substantially 
uniform so as to obtain the sealing state equal to that in the 
conventional pressure sealing method. 

Although the description of the above embodiment deals 
with the case of the liquid crystal cell, especially the case 
of a unit liquid crystal cell only, the invention can be applied 
to the electrochromic cell, the electrophoretic cell and the 
like, and used in an ordinary mass -production method in which 
a plurality of cells are simultaneously formed from a pair of 
electrode plates , and then separated from each other by cutting, 
and a manufacturing method for a multi- layer cell in which two 
or more layers of liquid crystal layers are formed by five or 
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more electrode plates. In future, the invention is variously 
applicable. 

Brief Description of the Drawings: 

_ FxgT l is a sectional view of a liquid crystal " display 
element ; ■ 

Figs. 2 and 3 are sectional views of the conventional 
pressurization device for hardening a sealant; and 

Fig . 4 is a sectional view of a pressurizing device suitable 
for hardening a sealant according to the invention. 

16, 19: mold 17: evacuation pump 18 : partition wall film 20, 
21, 22, 23: valve 
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Publication of Amendment (under Patent Law Section 17 (2) 

Amendment under the provision of Patent Law Section 17 (2) 
submitted on Patent Application No. Sho- 57-167554 (Publication 
Number of Patent Application: Sho-59-57221 , printed in the 
of ficial gazette No. 59-573 of publication of unexamined patent 
application issued on April 2. 1984) is published as follows., 
6(2) 
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AMENDMENT 

July 25, 1989 

Commissioner of the Patent Office 

T. Designation of the Case 

Patent Application Number Sho-57 -167554 

2. Title of the Invention 

Manufacturing Method and Manufacturing Apparatus for 
Display Element 

3 . Person Making Amendment 

Relation to the Case: Patent Applicant 
Address: 2-1-2, Marunouchi , Chiyoda-ku, Tokyo 
Name: (004)Asahi Glass Company, Limited 

4 . Agent 

Address: Daini Bunsei Building 

1-11-7, Toranomon, Minato-ku, Tokyo 
T105 

Name: Patent Attorney (6864) Toshiro Tsugemura 

5. Date of Order to Correct 

Voluntary Amendment (Amendment with Request for 
Examination) 

6. Number of Invention Increased by Amendment 

7. Object of Amendment 

( 1 ) Column of "Title of the Invention" of the Specification 

(2) Column of "Claims" of the Specification 
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(3) Column of "Detailed Description of the Invention" 
of the Specification • " . ■ 

8. Contents of Amendment 

The column of the title of the invention of the 
specification is corrected to "Manufacturing" Method* and" 
Manufacturing Apparatus for Display Element". 

(2) The column of claims of the specification is corrected as 
stated in attached paper. 

(3) "and a manufacturing apparatus" is added at the back of 
"manufacturing method" in the tenth line on page 1 of the 
specification. 

(4) "This invention ... . . . is a manufacturing method" in the 

ninth line to the fifteenth line on page 4 of the specification 
is corrected as follows . "This invention has been made to prevent 
such a disadvantage, and provide a manufacturing method for 
a display element , in which two electrode plates are superposed 
with the electrode surfaces opposite to each other through a 
sealant, and the sealant is hardened to manufacture a display 
element, characterized in that a pair of electrode plates to 
which a sealant is applied are disposed in one space of a mold 
having the space separated into two spaces by a partition wall 
film, the interiors of two spaces are evacuated, subsequently 
the degree of pressure reduction in the space where no electrode 
plate is disposed is lowered, and .further pressurized gas is 
introduced, if need be, to harden the sealant under reduced 
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pressure, and a manufacturing apparatus for a display element, 
characterized in that in the manufacturing apparatus for the 
display element, a partition wall film is provided between two 
upper and lower divided molds to thereby form the space separated 
into two spaces k the interiors of two spaces are individually 
reduceable in pressure, a pair of electrode plates to which 
a sealant is applied are disposed in one space, the interiors 
of two spaces are evacuated, subsequently, the degree of pressure 
reduction in the space where no electrode plate is disposed 
is lowered, and further pressurized gas is introduced, if need 
be, to harden the sealant under reduced pressure." 

(5) "a pair of electrode plates to which a sealant is applied 
are opposite to each other" is added at the back of "on the 
lower mold 16" in the fifth line on page 9 of the specification, 

(6) "individually" is added at the back of "both" in the ninth 
line on page 9 of the specification. 

( 7 ) "liquid crystal cell is may be used" in the thirteenth 

line on page 9 of the specification to the eighth line on page 
10 is corrected as follows. 

" After a liquid crystal cell having a pair of electrode plates 
to which a sealant is applied opposite to each other is placed 
on the lower mold 16 and the partition wall film 18 and the 
upper mold 19 are disposed, the valves 21 and 23 are closed, 
the valves 20 and 2 2 are opened tq evacuate the interiors of 
the lower space 2 4 and the upper space 25 by the evacuation 
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pump 17 and maintain the same under reduced pressure of - 0.2 
to - 1 kg/cm 2 , subsequently the valve 22 is closed, and the 
valve 23 is a little opened to lower the degree of pressure 
reduction in the upper space 25, thereby adjusting the applied 
pressure to the liquid crystal cell. Thus, gas such as oxygen 
or moisture stuck on the electrode surfaces of the electrode 
plates of the liquid crystal cell is quickly discharged, and 
the sealant of the electrode plate is uniformly press -bonded. 
Subsequently, the cell is heated to 100 to 200 *C by the heater 
15,' or irradiated with ultraviolet rays from the ultraviolet 
radiation source disposed in the mold or outside of the mold 
to harden the sealant. Also in hardening the sealant, gas is 
sometimes generated from the sealant. The gas is, however, 
discharged outside of the cell without sticking on the electrode 
surfaces since it is under reduced pressure. 

At this time, since the space separated into two spaces 
by the partition wall film are provided in the invention, in 
adjusting the degree of pressure reduction in the upper space 
25, the degree of pressure reduction is kept lower, the pressure 
reduction is released, and in addition to these, the pressurized 
gas can be introduced to increase the applied pressure." 

(8) "Further, Fig. 4 can be adjusted to ..." in the 

twentieth line on page 10 of the specification to the sixth 
line on page 11 is deleted. 

(9) "the valve 21 ... ... kept for ten minutes, " in the 
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thirteenth line on page 12 of the specification to the fifteenth 
line is corrected to "the valve 21 and 23 are closed, the valve 
20 and 22 are opened to evacuate the interiors of the lower 
space 24 and the upper space 25 by the evacuation pump 17 and 
'maintain" the same under reduced pressure of - 0.6kg/cm 2 , 
subsequently the valve 22 is closed, the valve 23 is a little 
opened to gradually lower the degree of pressure reduction in 
the upper space 25 and gradually increase the applied pressure 
to the substrates, the pressure reduction in the upper space 
25 is released and held in the state for ten minutes, 
(10) The following sentences are added between the first line 
and the second line on page 13 of the specification. 
"Further, in this pressure reduction, in addition to the control 
for the valve 22, an evacuation pump is connected to the end 
of the valve 23 to thereby regulate the pressure in the upper 
space 25, whereby the applied pressure to the substrates can 
be adjusted to be further higher. 

While both upper and lower spaces are kept in the state 
of reduced pressure, the partition wall film is in the state 
of not pressing the cell, so that discharge of oxygen, moisture 
and the like in the cell smoothly progressed." 
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Attached Paper 
Claims : , 

1 . A manufacturing method for a display element , in which 
two electrode plates are superposed with the electrode surfaces 
opposite to each other through a sealant, and the sealaht is 
hardened to manufacture a display element, characterized in. 
that a pair of electrode plates to which a sealant is applied 
are disposed in one space of a mold having the space divided 
into two spaces by a partition wall film, the interiors of two 
spaces are evacuated, subsequently the degree of pressure 
reduction in the space where no electrode plate is disposed 
is lowered, and further pressurized gas is introduced, if need 
be, to harden the sealant under reduced pressure. 

2. A manufacturing apparatus for a display element, in 
which two electrode plates are superposed with the electrode 
surfaces opposite to each other through a sealant, and the 
sealant is hardened to manufacture a display element, 
characterized in that a partition wall film is provided between 
two upper and lower divided molds to form the space divided 
into two spaces, the interiors of two spaces are individually 
reduceable in pressure, a pair of electrode plates to which 
a sealant is applied are disposed in one space, the interiors 
of two spaces are evacuated, subsequently the degree of pressure 
reduction in the space where no electrode plate is disposed 
is lowered, and further the pressurized gas is introduced, if 
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need be, to harden the sealant under reduced pressure* 
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AMENDMENT 

November 7, 1989 

Commissioner of thei Patent Office 

1 . Designation of the Case 

Patent Application Number Sho-57-167554 

2. Title of the Invention 

Manufacturing Method and Manufacturing Apparatus for Display 
Element 

3. Person Making Amendment 

Relation to the Case: Patent Applicant 
Address: 2-1-2, Marunouchi, Chiyoda-ku, Tokyo 
Name: (004)Asahi Glass Company, Limited 

4 . Agent 

Address: Daini Bunsei Building 

1-11-7, Toranomon, Minato-ku, Tokyo 
T105 

Name: Patent Attorney (6864) Toshiro Tsugemura 

5. Date of Order to Correct 
October 31, 1989 (dispatch date) 

6. Object of Amendment r j 
Column of the contents of amendment dated July 25, 1989. 

8. Contents of Amendment 

1. (5) of the column of the contents of amendment dated July 
25, 1989. 
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"on the lower mold 16" in the fourth line on page 3 of the 
amendment is corrected to "on the lower mold 15". 
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